Abstract Species of Nigrospora commonly occur as plant pathogens, endophytes or saprobes, and have been shown to be extremely interesting for the discovery of novel metabolites. The familial placement, as well as phylogenetic relationships among Nigrospora species remain ambiguous. In this study, Nigrospora (= Khusia) is confirmed as a monophyletic genus belonging to Apiosporaceae (Xylariales), based on a phylogeny inferred from LSU sequence data. A multi-locus phylogeny based on ITS, TEF1-α and TUB2, in conjunction with morphological characters, host associations, and ecological data was employed for species delimitation in Nigrospora, as well as identification of 165 recently collected isolates from China, and three from Europe. In total 13 novelties are proposed including 12 new species and 1 new combination. Five species are re-described based on an examination of type specimens and/or fresh collections. New species described in this paper include: N. aurantiaca, N. bambusae, N. camelliae-sinensis, N. chinensis, N. guilinensis, N. hainanensis, N. lacticolonia, N. osmanthi, N. pyriformis, N. rubi, N. vesicularis and N. zimmermanii. Furthermore, N. vietnamensis is transferred to Arthrinium. Our results indicate a high level of species diversity within Nigrospora, with a general lack in host specificity. Taxa that cluster basal in Nigrospora have wide host ranges, whereas those that diverged later tend to have narrow host ranges. The currently available data suggest, therefore, that the general evolutionary direction in the genus Nigrospora is from a wide to a narrow host range.
InTRoduCTIon
Nigrospora is an important genus of fungal ascomycetes with a cosmopolitan distribution and wide host range. Nigrospora species have been isolated as endophytes from leaves and stems of various plants, or as saprobes from detritus, dead larvae or leaf litter (Mason 1927 , Wu et al. 2009 , Thalavaipandian et al. 2011 , Uzor et al. 2015 . Nigrospora species have also been commonly recorded as plant pathogens on many important economic crops, fruits and ornamentals. Examples include N. oryzae causing stem blight on Brassica juncea in India (Sharma et al. 2013) , N. sphaerica causing leaf blight on Camellia sinensis in China (Liu et al. 2015) and N. musae causing 'squirter' disease on bananas (Jones & Stover 2000) . In addition, N. sphaerica is an opportunistic pathogen causing onychomycosis in humans (De Hoog et al. 2000 , Fan et al. 2009 ) and corneal ulcer (Kindo et al. 2014) .
Nigrospora species are also commonly isolated from the indoor environment. Webster (1952) demonstrated that N. sphaerica has a violent spore discharge mechanism, that can forcibly project its spores to a distance of up to 2 cm vertically, and 6.7 cm horizontally. The study by Wu et al. (2004) also showed that Nigrospora spores are one of the more dominant groups in the atmosphere, being associated with dust storms. Moreover, some Nigrospora spores are responsible for a Type I allergic response, seasonal rhinitis (hay fever), asthma or respiratory allergic diseases (Santo-Pietro 2006, Khan & Karuppayil 2012 , Saha & Bhattacharya 2015 .
Nigrospora is regarded as extremely interesting as a source of natural products and because of its potential industrial applications (Chen et al. 2016) . Metabolites produced by N. sacchari showed remarkable herbicidal activity in the treatment of intact greenhouse-grown plants (Fukushima et al. 1998) , while Phomalactone produced by N. spherica was found to be an active constituent against mosquitoes (Meepagala et al. 2015) . Moreover, some extrolites produced by N. sphaerica exhibited antibacterial activities against the growth of methicillin-resistant Staphylococcus aureus (MRSA) and Klebsiella pneumonia cells (Ibrahim et al. 2015) .
The generic name Nigrospora was first introduced by Zimmerman (1902) for N. panici, which was isolated as an endophyte from leaves of Panicum amphibium in Java, Indonesia. Later, Mason (1927) transferred several black-spored hyphomycetes occurring on monocotyledonous hosts to Nigrospora, including N. oryzae (= Monotospora oryzae), N. sphaerica (= Trichosporum sphaericum), N. arundinacea (= Hadrotrichum arundinaceum) and N. sacchari (= Glenospora sacchari ). Mason (1927) further pointed out that the Indonesian fungus, N. javanica (Palm 1918) , occurs on maize, rice and wheat, and is a synonym of N. panici. However, type specimens from both taxa have been lost, and thus a direct morphological comparison and molecular analysis is not possible. Nigrospora gallarum (= Basisporium gallarum) and N. gorlenkoana were previously regarded as synonyms of N. oryzae in MycoBank due to their similar conidial morphology. Presently, there are 15 recognised species listed in MycoBank, but the familial placement of the genus remains unresolved. Barnett & Hunter (1998) Table 1 Strains of the Nigrospora species used in this study with details about host and location, and GenBank accessions of the sequences generated. on its conidial characters, while Kirk et al. (2008) assigned Nigrospora and its Khuskia sexual morph to the Trichosphaeriaceae (Trichosphaeriales).
The objectives of the present study were therefore to:
1. resolve the higher order phylogenetic placement of Nigrospora; 2. infer the phylogenetic and evolutionary relationships of Nigrospora species based on multi-locus DNA sequence data (ITS, TEF1-α, TUB2) analyses; and 3. identify 165 Nigrospora strains collected in China and three strains from Europe to species level.
MATERIALS And METHodS

Collection, isolation and herbarium specimens
Diseased and healthy plant tissues were collected from Camellia sinensis, Musa paradisiaca and several other unidentified plant hosts in eight Chinese provinces (Fujian, Guangxi, Guizhou, Hainan, Hubei, Jiangxi, Tibet and Yunnan) . Isolates associated with leaf spots were cultured using both single spore and tissue isolation methods. The single spore isolation protocol of Zhang et al. (2013) was adopted by using quarter strength potato dextrose agar (1/4 PDA; 9.75g Difco PDA, 15g Difco agar and 1L distilled water) with antibiotics (Sodium ampicillin and Streptomycin sulfate). Fungal endophytes were isolated by cutting four fragments (2 × 2 mm) per leaf from the apex, base and lateral sides; samples were surface sterilised with 75 % ethanol for 1 min, 5 % NaClO for 30 s; and then rinsed in sterile distilled water for 1 min. Leaf pieces were dried between sterilised paper towels and then plated onto 1/4 PDA.
All cultures are preserved in the LC culture collection (personal culture collection of Lei Cai housed in the Institute of Microbiology, Chinese Academy of Sciences). Type specimens were deposited in the Mycological Herbarium of Microbiology Institute, Chinese Academy of Sciences, Beijing, China (HMAS), with ex-type living cultures deposited in the China General Microbiological Culture Collection Center (CGMCC) and the Agricultural Culture Collection of China (ACCC). New descriptions and nomenclature were deposited in MycoBank (www. MycoBank.org; Crous et al. 2004 ). 
Morphology
Cultures were incubated on PDA for 7 d at 25 °C to measure diagonal growth. To enhance sporulation, 5 mm diam plugs from the margin of actively growing cultures were transferred to the centre of 9 cm diam Petri dishes containing synthetic nutrient-poor agar medium (SNA; Nirenberg 1976) at 28 °C. Morphological descriptions were based on cultures sporulating on SNA. The shape and size of microscopic structures were observed using a light microscope and colonies were assessed according to the colour charts of Rayner (1970) . At least 50 conidiogenous cells and conidia were measured to calculate the mean size.
DNA extraction, PCR amplification and sequencing
Fresh fungal mycelia grown on PDA for 7 d at 25 °C were scraped from the colony margin and used for genomic DNA extraction using a modified CTAB protocol as described in Guo et al. (2000) . PCR amplification and sequencing of the large subunit (LSU) rDNA using the primer pair LR0R /LR5 and the 5.8S nuclear ribosomal gene with the two flanking transcribed spacers (ITS) using primer pair ITS1/ ITS4 was performed (Vilgalys & Hester 1990 , White et al. 1990 . Part of the translation elongation factor 1-alpha (TEF1-α) was amplified and sequenced using primer pair EF1-728F (Carbone & Kohn 1999) and EF-2 (O'Donnell et al. 1998) . Bt-2a and Bt-2b (Glass & Donaldson 1995) were used for the Beta-tubulin fragment (TUB2 China  KX986012  -KY019535  KY019351  LC 4447  Unknown host plant  China  KX986014  -KY019537  KY019352  LC 5901  Submerged wood  China  KX986034  -KY019556  KY019361  LC 5932  Submerged wood  China  KX986035  -KY019557  KY019362  LC 5944  Submerged wood  China  KX986036  -KY019558  KY019363  LC 5966  Submerged wood  China  KX986039  -KY019561  KY019365  LC Beijing. DNA sequences were generated with upper surface and reverse primers to obtain consensus sequences analysed with MEGA v. 6.0 (Tamura et al. 2013 ).
Phylogenetic analysis
LSU sequences of Nigrospora and similar sequences from related genera obtained from GenBank (Table 1 , 2) were analysed to resolve the higher order phylogenetic placement of Nigrospora. Single locus and concatenated gene trees were inferred from ITS, TUB2 and TEF1-α (Table 1) using Bayesian and Maximum-likelihood analyses to help delimit species in Nigrospora. Sequences were aligned using an online version of MAFFT v. 7 (Katoh & Standley 2013) . Ambiguous regions were excluded from the analyses and gaps were treated as missing data. A 70 % neighbour-joining (NJ) reciprocal bootstrap method with maximum-likelihood distance was applied to check the congruence of the individual loci in the multi-locus dataset (Mason-Gamer & Kellogg 1996) .
The best nucleotide substitution model of each locus used for MrBayes v. 3.2.1 (Ronquist et al. 2012) , was calculated with jModelTest v. 2.1.4 (Posada 2008 
Fungus host distribution analysis
To better illustrate the distribution of Nigrospora species on different hosts, a heatmap was plotted using the 'pheatmap' package in R (R Development Core Team 2015), on the basis of data from this study and the USDA fungal database (Farr & Rossman 2017) .
RESuLTS
Phylogeny
The manually adjusted LSU alignment dataset contained 123 sequences from 110 taxa, in which 897 characters including alignment gaps (available in TreeBASE) were used in the phylogenetic analysis. According to the results of jModeltest v. 2.1.4, the GTR+I+G model was chosen for MrBayes. The phylogeny resulting from the analysis of LSU sequence data is shown in Fig. 1 . All strains of Nigrospora formed a sister clade, with high statistical support to Arthrinium, indicating that Nigrospora belongs to Apiosporaceae, Xylariales. The two genera, however, are clearly phylogenetically distinct (Fig 1) . A total of 1 581 characters including gaps (available in Tree-BASE) were included in this dataset. For the Bayesian analyses, the best-fit models TIM1ef+I+G, TPM2uf+G, TrN+I+G were set for ITS, TUB2 and TEF1-α, respectively. The concatenated gene tree ( Fig. 2) is congruent with the single-locus gene trees (ITS, TUB2 and TEF1-α) and comprises 18 species representing clades with high bootstrap and posterior probability supports values.
Fungus host distribution
Nigrospora species appear to be widely distributed on various hosts. Among which, N. sphaerica, N. oryzae and N. chinensis are the three most ubiquitous species. For example, N. sphae rica
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Cainia graminis MFLUCC 15-0540 has been reported from 40 different host genera including Zea, Andropogon and Cymbopogon, while N. oryzae has been reported from 20 different genera including Oryza, Zea and Phyllostachys. Host genera such as Musa and Camellia appear to be amongst the most preferred hosts for Nigrospora, having 10 and 8 Nigro spora species reported on each respective host genus. Eight species, i.e., N. arundinacea, N. canescens, N. gorlenkoana, N. gossypii, N. javanica, N. maydis, N. padwickii, and N. panici Colonies on PDA at first white with small, shiny black conidia easily visible under a low-power dissecting microscope due to its large size, later becoming brown or black when sporulation is abundant. Mycelia immersed or partly superficial. Stroma absent. Hyphopodia absent. Setae rarely observed. Conidiophores micronematous or semi-macronematous, branched, flexuous, hyaline to brown, smooth, usually reduced to conidiogenous cells. Conidiogenous cells monoblastic, discrete, solitary, determinate, subspherical, doliiform, ampulliform, subcylindrical to clavate, hyaline. Conidia solitary, acrogenous, with an equatorial hyaline line or a germ slit in some species, simple, spherical or broadly ellipsoidal or pyriform, compressed dorsiventrally, black, shiny, smooth, aseptate, rarely with a violent discharge mechanism. Ascomata perithecial, formed in clusters of 1-7, uniseriate or in irregular rows, subepidermal, erumpent, globose obovoid, with papillate ostioles; surrounded by blackened host tissue. Asci short-stalked, unitunicate, clavate, with eight biseriate ascospores. Paraphyses thin-walled, septate. Ascospores hyaline, granular, curved, inequilateral, tapering towards base with rounded ends, initially aseptate, at times with a single transverse septum.
Notes -The conidiophores of most species of Nigrospora are reduced to conidiogenous cells, each of which normally produces a single conidium. The conidia of Nigrospora are deeply pigmented, with germ slits present in some species. Mason (1927 Mason ( , 1933 revised the taxonomy of Nigrospora, and pointed out that numerous species apparently differ only in spore size, and so far traditional classification has been mainly based on conidial dimensions. In this study, morphological characters were re-evaluated and combined DNA sequence data were analysed to investigate the phylogenetic relationships of Nigrospora species. Furthermore, additional distinguishable characters were employed for distinguishing species, such as conidiogenous cell dimensions, and the presence/absence of vesicles and setae. Sterile cells are often observed in Nigrospora species (Mason 1927 , Minter 1985 . They are similar to conidia in being deeply pigmented, but are much larger than conidia in dimensions. In addition, sterile cells are formed directly from the hyphae, rather than borne from the conidiogenous cells. Setae are also deeply pigmented and borne from the hyphae, but differ from sterile cells in being longer and narrower, and 1-2-septate. Hyphae pale brown, smooth, branched, septate, 1.5-5 μm diam. Conidiophores reduced to conidiogenous cells. Conidio genous cells dispersed on hyphae, pale brown, monoblastic, discrete, solitary, determinate, doliiform, ovoid or ampulliform, 7.5-13 × 6-8.5 μm (av. = 9.76 ± 1.34 × 7.06 ± 0.56). Conidia solitary, mostly ellipsoidal, black, shiny, smooth, 12-16.5 × 9-15.5 μm (av. = 14.82 ± 0.79 × 11.78 ± 1.07).
Culture characteristics -On PDA, colonies flat, edge entire, floccose at the centre with grey aerial mycelia, initially orange, becoming black with age in the centre. Colonies reaching 9 cm diam after 7 d at 25 °C. On SNA, colonies flat, spreading, with abundant aerial mycelia, surface dirty white to greyish and reverse light pink with olivaceous grey patches. Etymology. Named after the host from which all strains were isolated, bamboo.
Type. China, Guangdong Province, on bamboo leaves, 10 July 2016, D.W. Xiao (HMAS 246696 holotype, ex-type living culture CGMCC3.18327 = LC7114).
Hyphae smooth, hyaline to pale brown, branched, septate, 2.5-7 μm diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells aggregated in clusters on hyphae, pale brown, globose to subglobose to ampulliform, 5.5-12.5 × 3-9.5 μm (av. = 7.85 ± 1.41 × 6.27 ± 1.31). Conidia solitary, globose or subglobose, black, shiny, smooth, aseptate, 13.5 -17.5 × 10-17 μm (av. = 15.99 ± 0.94 × 14.23 ± 1.84).
Culture characteristics -On PDA, colonies floccose, edge entire, initially white, becoming grey to black with age, reaching 9 cm diam after 7 d at 25 °C, reverse smoke-grey with black patches. On SNA, colonies flat, with some mycelia immersed, surface olivaceous grey and reverse olivaceous grey with black patches due to sporulation. Etymology. Named after the epithet of Camellia sinensis, the host from which most strains were collected in this study.
Type. China, Guangxi Province, on Camellia sinensis, Sept. 2013, T.W. Hou (HMAS 247068 holotype, ex-type living culture CGMCC3.18125 = LC3500).
Hyphae smooth, hyaline, branched, septate, 1.5-4 μm diam. Conidiophores mostly reduced to conidiogenous cells and aggregated in clusters on hyphae. Conidiogenous cells hyaline to pale brown, globose to ampulliform or clavate (ear-shaped), sometimes appearing as the bulge directly from the mycelia without septa, 6-11 × 4.5-8.5 μm (av. = 7.85 ± 1.43 × 5.95 ± 0.78). Conidia solitary, spherical or slightly ellipsoidal, black, shiny, smooth, aseptate, spherical, 13-18 μm diam (av. = 15.57 ± 1.19), ellipsoidal, 12-18 × 9-14.5 μm (av. = 14.24 ± 1.43 × 10.84 ± 1.21).
Culture characteristics -On PDA, colonies flat, edge entire. Colonies initially white, becoming grey due to sporulation, reaching 9 cm diam in 8 d at 25 °C. On SNA, colonies flat, growing slowly, spreading, mycelia partially immersed, surface white to greyish and reverse grey olivaceous without patches, sporulating profusely. Notes -Five strains representing N. camelliae-sinensis clustered in a well-supported clade (Fig. 2) , sister to N. pyriformis (99 % identity in ITS; 99 % identity in TUB2; 96 % identity in TEF1-α). Morphologically, N. camelliae-sinensis differs from N. pyriformis (Fig. 16 ) in its smaller conidiogenous cells (6-11 × 4.5-8.5 μm vs 7.5 -26 × 3.5 -8.5 μm) and conidial shape. Nigrospora camelliae-sinensis is comparable to N. lacticolonia (Fig. 11 ) in conidial size, but its conidiogenous cells are scattered rather than aggregated as in N. lacticolonia. Hyphae hyaline, smooth, branched, septate, 2 -5 μm diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells monoblastic, discrete, solitary, determinate, ampulliform, or subspherical, hyaline, 5 -9.5 × 4 -7 μm (av. = 7.59 ± 1.29 × 5.7 ± 0.72). Sterile cells terminal on hyphae, pale to dark brown, elongated ellipsoidal to clavate, 23 -40.5 × 5.5 -12.5 μm, or somewhat curved or irregularly angled or lobed. Conidia solitary, globose or subglobose, black, shiny, smooth, aseptate, 10-14 μm diam (av. = 12.19 ± 1.07); ellipsoidal, 10-14.5 × 7.5-11 μm (av. = 11.78 ± 0.75 × 9.18 ± 0.61).
Nigrospora chinensis
Culture characteristics -On PDA, colonies floccose, undulate. Colonies growing quickly, initially white, becoming black with age, reaching 9 cm diam in 6 d at 25 °C. On SNA, with sparse aerial mycelia, surface dirty white to greyish, and reverse iron-grey with dark patches but sporulating poorly. Notes -Strains of N. chinensis constitutes a distinct clade on concatenated gene trees with a high support value and basal to all other Nigrospora species (Fig. 2) . Morphologically it is similar to N. gallarum, reported from dead larvae of Lipara lucens from France (Mason 1927 Hyphae smooth, hyaline, branched, septate, 1.5-4.5 μm diam. Conidiophores micronematous or semi-macronematous, flexuous or straight, pale brown, smooth, 2-6 μm thick. Conidiogenous cells pale brown, monoblastic, discrete, solitary, determinate, doliiform to ampulliform, 7-13.5 × 4-9 μm (av. = 10.09 ± 1.94 × 5.98 ± 1.11). Conidia sparse, solitary, globose or sub- globose, pale brown to black, discrete on aerial mycelia, 11.5 -17 μm diam (av. = 14.79 ± 1.21), shiny, smooth, with equatorial slit.
Culture characteristics -On PDA, colonies flat, woolly, spreading, initially white, becoming greyish with age. Colonies reaching 9 cm in 6 d at 25 °C. On SNA, colonies flat, with sparse mycelia and growing poorly, reverse with no patches, sporulating poorly.
Notes -Nigrospora gorlenkoana is currently listed as a synonym of N. oryzae in MycoBank. However, we could not find any literature in support of this synonymy. Our multi-locus molecular phylogeny herein also depicts that these two species cannot be considered as conspecific. These two species are also morphologically distinct. The conidiophores of N. gorlenkoana are discrete, solitary, rather than aggregated in clusters as in N. oryzae, and the conidial colour of N. gorlenkoana is paler brown than that of N. oryzae. Equatorial slits are present in some conidia of N. gorlenkoana, but absent in N. oryzae. However, the affinities of the ex-type of N. gorlenkoana are still unresolved as it is an independent taxon and its relationships to N. hainanensis as well as N. musae lack support (Fig. 2) . Hyphae smooth, hyaline to pale brown, branched, septate, 1.5 -4 μm diam. Conidiophores usually reduced to conidiogenous cells, aggregated in clusters on hyphae. Conidiogenous cells monoblastic, determinate, hyaline, smooth, doliiform to clavate to ampulliform, in clusters on aerial mycelia, 6-11 × 4-7.5 μm (av. = 8.73 ± 1.33 × 6.01 ± 0.64). Conidia solitary, black, shiny, smooth, aseptate, spherical, 11.5-15 μm diam (av. = 12.91 ± 0.7), ellipsoidal, 10.5 -14 × 8 -12 μm (av. = 12.46 ± 0.62 × 9.69 ± 0.71).
Nigrospora guilinensis
Culture characteristics -On PDA, colonies woolly, cottony, margin irregular. Colonies growing slowly, dirty white to greyish and producing red pigment after 3 wk. Colonies reaching 9 cm after 14 d at 25 °C. Reverse dirty white to light pink with black patches due to pigment. On SNA, colonies flat, growing slowly, mycelia partially immersed in the medium, surface dirty white to grey and reverse pale brown with black patches. Notes -Two strains representing N. guilinensis clustered in a well-supported clade (Fig. 2) , which appeared closely related to N. vesicularis (98 % identity in ITS; 92 % in TUB2) , N. aurantiaca (98 % in ITS; 91 % in TUB2) , N. osmanthi (98 % in ITS; 91% in TUB2) and N. lacticolonia (98 % in ITS; 91 % in TUB2) . Nigrospora guilinensis is morphologically distinct from these four species. It differs from N. vesicularis (Fig. 20) in the absence of a vesicle, from N. aurantiaca (Fig. 4) in producing different pigment in culture (red pigment in N. guilinensis vs orange pigment in N. aurantiaca ), from N. osmanthi (Fig. 15) in the arrangement of conidiogenous cells (aggregated in clusters in N. guilinensis vs scattered in N. osmanthi) and from N. lacticolonia (Fig. 11) in the smaller ellipsoidal conidia (10.5-14 × 8 -12 μm vs 13.5 -17.5 × 10.5 -13.5 μm). Hyphae smooth, hyaline to pale brown, branched, septate, 2-6 μm diam. Conidiophores usually reduced to conidiogenous cells, which are dispersed on hyphae. Conidiogenous cells monoblastic, discrete, solitary, determinate, hyaline, smooth, globose or ampulliform, 6.5-12.5 × 4.5-9.5 μm (av. = 8.89 ± 1.28 × 6.85 ± 0.94). Conidia sphaerical or ellipsoidal, solitary, black, shiny, smooth, aseptate, spherical, 12.5-17.5 μm diam (av. = 15.39 ± 1.04), ellipsoidal 13.5 -19 × 9 -16.5 μm (av. = 15.98 ± 0.98 × 12.11 ± 1.25). Setae straight to irregularly curved, black, smooth, subcylindrical, tapering in apical cell to subobtuse or obtuse apex, base truncate, up to 60 μm long, 5-12 μm diam.
Culture characteristics -On PDA, colonies floccose, margin circular, growing rapidly, initially white, becoming black with age, reaching 9 cm diam in 5 d at 25 °C. On SNA, colonies spreading, not flat, mycelia partially immersed in the medium, cottony, surface grey to black and reverse with dark grey patches at the edge and black in the middle due to abundant sporulation. Notes -All strains of N. hainanensis were isolated from Musa paradisiaca from Hainan, China, and they clustered in a well-supported clade (Fig. 2) , appearing closely related to N. gorlenkoana (99 % identity in ITS; 84 % in TEF1-α; 95 % in TUB2). These two species could be morphologically differentiated from each other based on conidial colour, which is darker in N. hainanensis. Morphologically, N. hainanensis also resembles N. guilinensis (Fig. 9 ), but differs in the arrangement of conidiogenous cells (dispersed on aerial mycelia, discrete, solitary, unbranched in N. hainanensis vs clustered on aerial mycelia, or forming black sporodochial conidiomata in N. guilinensis) and setae (present in N. hainanensis vs absent in N. guilinensis). Another two Nigrospora species, i.e., N. musae and N. canescens have also been reported from Musa spp. Nigrospora hainanensis differs in producing smaller conidia (spherical, 12.5-17.5 μm Hyphae smooth, hyaline, branched, septate, 1.5-4 μm diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells aggregated in clusters on hyphae, pale brown, finely verruculose, globose to clavate to doliiform, 6.5-11.5 × 5.5-9 μm (av. = 8.29 ± 1.11 × 6.82 ± 0.73). Conidia solitary, spherical or slightly ellipsoidal, black, shiny, smooth, aseptate, spherical 11.5-16.5 μm diam (av. = 14.36 ± 1.04), ellipsoidal 13.5-17.5 × 10.5-13.5 μm (av. = 15.21 ± 0.75 × 11.72 ± 0.66).
Culture characteristics -On PDA, colonies floccose, entire edge, surface and reverse creamy white, with dark brown patches in the reverse, reaching 9 cm diam in 6 d at 25 °C. On SNA, colonies flat, surface and reverse remains white and black patches in the reverse, with moderate aerial mycelia, growing very quickly, but sporulating after 2 wk. up to 250 µm diam, with papillate ostioles; perithecial clusters surrounded by a blackened area of host tissue. Asci 8-spored, biseriate, short-stalked, unitunicate, clavate, 55 -75 × 8.5-12 µm. Paraphyses thin-walled, septate. Ascospores hyaline, granular, curved, inequilateral, 16 -21 × 5 -7 µm, tapering to the base with rounded ends, initially aseptate but on discharge from the ascus and on germination ascospores may develop a single transverse septum.
Culture characteristics -On PDA, colonies woolly, floccose, margin circular, growing rapidly, white to grey to black with age, reaching 9 cm diam in 5 d at 25 °C. On SNA, colonies flat, with abundant aerial mycelia, surface and reverse dark brown to black without patches, sporulating quickly and abundantly. ibid., living culture LC 6955 = WM189; ibid., living culture LC 6957 = WM191; ibid., living culture LC 6759 = HBN3-18; ibid., living culture LC 6760 = HBN4-11; ibid., living culture LC 6763 = HBN4-23; ibid., living culture LC 6766 = JXN1-4; Jiangxi Province, on Nelumbo sp., 21 Sept. 2014, M.F. Hu, living Notes -The type of N. oryzae is preserved in K as two slides, and only partial morphological characters could be observed (Fig. 13) , e.g., branched conidiophores, black and globose/subglobose conidia, 12.5 -16 μm diam. Although we could not obtain sequences from the type specimen or culture for comparisons, all strains from the original host (rice) isolated in this study clustered in one single clade, sister to N. zimmermanii (Fig. 2) , and their morphological characteristics were in good accordance with N. oryzae. Therefore, we regard this clade as N. oryzae. Fig. 15 Etymology. Named after the host genus from which the holotype was collected, Osmanthus.
Type. China, Jiangxi Province, on Osmanthus sp., Hyphae branched, septate, hyaline to pale brown, 2.5-4.5 μm diam. Conidiophores mostly reduced to conidiogenous cells. Conidiogenous cells monoblastic, discrete, solitary, determinate, at first hyaline, subspherical, then turning to pale brown, ampulliform to cylindrical, 5.5-12 × 4-8.5 μm (av. = 8.02 ± 1.5 × 6.04 ± 1.16). Conidia solitary, globose or subglobose, black, shiny, smooth, sometimes formed directly from the mycelia, aseptate, 13.5-16.5 μm diam (av. = 14.87 ± 0.63).
Culture characteristics -On PDA, colonies flat, floccose, lobate. Colonies growing slowly, initially white, becoming black with age, reaching 9 cm diam in 10 d at 25 °C. On SNA, colonies flat, surface greyish to grey olivaceous with dark grey patches and reverse dark brown with black patches, mycelia sparse on the surface with delayed sporulation.
Additional specimen examined. China, Jiangxi Province, on Hedera nepalensis, 5 Sept. 2013, Y.H. Gao, living culture LC4487. Notes -Two strains representing N. osmanthi clustered in a well-supported clade which is closely related to N. lacticolonia (Fig. 2) , but they could be distinguished from one another based on the morphology of their conidiogenous cells (Fig. 11, 17) . Morphologically, N. osmanthi also resembles N. oryzae in its conidial size, but differs in its conidiophores that are reduced to conidiogenous cells in N. osmanthi, but branched and clustered in N. oryzae. Nigrospora osmanthi differs from another morphologically similar species, N. gallarum, by the absence of sterile cells. 5 -26 × 3.5 -8.5 μm (av. = 13.38 ± 4.81 × 6.31 ± 1.46) . Conidia initially pale brown, become black with age, dimorphic, globose to subglobose, black, shiny, smooth, aseptate, 12. 5-16.5 μm diam (av. = 15.41 ± 0.77); or pyriform, black, shiny, smooth, aseptate, 17.5-27.5 × 10-18.5 μm (av. = 19.97 ± 4.95 × 11.77 ± 2.53 Notes -Five strains representing N. pyriformis clustered in a well-supported clade (Fig. 2) , and appeared as a sister clade to N. camelliae-sinensis (99 % identity in ITS; 96 % in TEF1-α; 99 % in TUB2). Morphologically, N. pyriformis is unique in Nigrospora by producing pyriform conidia. Fig. 17 Etymology. Named after the host genus on which the holotype was collected, Rubus.
Nigrospora rubi
Type. China, Jiangxi Province, on Rubus sp., 6 Sept. 2013 pale brown, smooth, 4 -8 μm thick; hyaline vesicles (Fig. 19,  arrowed Notes -We examined the type specimen of N. sphaerica from K, and the conidia were revealed to be globose or subglobose, 16 -19(-21) μm diam. The conidial size of all strains in the clade of N. sphaerica (Fig. 2) are consistent with that of the type specimen, and the vesicle structures presented in all of these strains. Although no sequence data were available from the type specimen for comparison, we concluded that these strains represented N. sphaerica. In addition, the ITS sequence of N. sphaerica isolate QY-6 (KP731976) causing leaf blight on Camellia sinensis, also clustered in this clade (Liu et al. 2015) . However, this isolate was not added into the multi-locus phylogenetic analysis in this study as all loci could not be successfully amplified. Hyphae smooth, hyaline, branched, septate, 1.5-4 μm diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells monoblastic, discrete, solitary, determinate, scattered, hyaline to pale brown, smooth, doliiform to ampulliform, 7-12.5 × 6-9 μm (av. = 9.13 ± 1.12 × 7.04 ± 0.75). Hyaline vesicles (Fig. 20, arrowed) usually surrounding the septum to delimit the conidia from their conidiogenous cells. Conidia sparse, solitary, globose, subglobose, black, shiny, smooth, aseptate, 12.5-16.5 μm diam (av. = 14.8 ± 0.76, n = 50); or ellipsoidal, 12.5-16.5 × 9-15 μm (av. = 14.7 ± 0.7 × 11.63 ± 1.09).
Nigrospora vesicularis
Culture characteristics -On PDA, colonies floccose, entire edge. Colony surface white to greyish and pale luteous reverse, reaching 9 cm diam in 6 d at 25 °C. On SNA, colonies flat, surface dirty white and reverse dirty white to greyish without patches, with abundant aerial mycelia, but with delayed and sparse sporulation. Notes -Arthrinium is morphologically similar to the genus Nigrospora in many aspects, such as the deeply pigmented conidia with a germ slit, presence of setae, abnormal conidia and violent spore discharge mechanism (Minter 1985 , Webster 1952 , 1966 . The most peculiar difference between these two genera is that only one conidium is produced on each conidiogenous cell in Nigrospora, while the conidia of Arthrinium are usually produced in clusters, and two or more conidia are produced on each conidiogenous cell (Minter 1985 ).
The ex-type strain of N. vietnamensis (IMI 99670) produces aggregated, brown and globose conidia, about 5-6 μm diam in surface view, 3-4 μm diam in side view, and the conidia are much smaller and paler-coloured than that of other species of Nigrospora. In the LSU tree ( Fig. 1) , strain IMI 99670 is nested within the Arthrinium clade, and cluster together with A. malaysianum. Other analyses based on ITS phylogeny (results not shown) also demonstrated that the ex-type strain of N. vietnamensis and A. malaysianum are conspecific. Morphological data available herein also support that these two species should be conspecific. Therefore, a new combination Arthrinium vietnamensis is proposed because Nigrospora vietnamensis is the older name. 
dISCuSSIon
In this study Nigrospora was confirmed as belonging to the family Apiosporaceae (Xylariales, Sordariomycetes). Based on the newly accepted unitary nomenclature (Hawksworth et al. 2011) , the sexual morph, Khusia, is accepted as synonym of Nigrospora. In previous studies, species of Nigrospora were primarily delimited via a comparison of morphological characters, especially conidial dimensions (Mason 1927 (Mason , 1933 . However, as we have shown here, conidial sizes frequently overlap among morphologically similar, but phylogenetically distinct species of Nigrospora. For instance, conidia of N. musae (15-) 16 -18(-19.5 μm) and N. sphaerica 16 -19(-21) μm are similar, but the two species are phylogenetically distinct (Fig. 2) . Overlapping morphologies are commonly observed among Nigrospora species, such as N. osmanthi and N. camelliaesinensis, as well as N. lacticolonia and N. vesicularis, resulting in ambiguity in the traditional taxonomic treatments of this genus. The phylogenetic investigations among Nigrospora species in this study significantly stabilise the taxonomy of the genus, as well as provide a classification framework for future species discovery. It also underlines the fact that in future studies species of Nigrospora would best be distinguished based on a combination of morphological and molecular data, rather than one without the other.
This study contributed to an increase in the number of known species in Nigrospora from 15 to 27, with the descriptions of five previously known species (i.e., N. arundinacea, N. gorlenkoana, N. musae, N. oryzae and N. sphaerica) emended with additional characters (conidiogenous cells, sterile cells and the presence of vesicles and setae) through careful examination of type specimens or fresh collections. New species were characterised employing morphological and molecular characters, as well as information of host associations and ecological distributions. Another two distinct clades (Fig. 2) representing two distinct phylogenetic species are not named and described because they remained sterile in culture in spite of all attempts to induce sporulation.
Type specimens of a few known species in Nigrospora have not been available for molecular study, which to some extent impeded the full resolution of species relationships. For example, the conidial dimensions of N. gossypii (12-13.6 µm diam) was inseparable from that of N. oryzae (12.5-16 μm diam). Jaczewski (1929) , however, treated them as distinct species based on the fact that the latter had only been recorded on monocotyledons, and was not known from Russia and Central Asia. The type of the genus, N. panici, was reported from Panicum amphibium from Java (Zimmerman 1902) and its holotype has been lost. Unfortunately, to date we have been unable to find a suitable specimen to neotypify this species. Nevertheless, Nigrospora (= Khusia) has been shown to be a monophyletic genus in the Apiosporaceae.
Overall the data presented here revealed that, for the most part, species of Nigrospora do not display evidence of host or geographical limitation (Palmateer et al. 2003 , Wu et al. 2014 , Eken et al. 2016 . Comparing the heatmap (Fig. 23 ) with the phylogeny (Fig. 1-2) , it is noteworthy that the top three most ubiquitous Nigrospora species (i.e., N. sphaerica, N. oryzae, N. chinensis) , all belong to early divergent species in the genus (Fig. 2) . On the other hand, species hitherto only known from a single host genus include N. arundinacea, N. bambusae, N. canescens, N. gorlenkoana, N. gossypii, N. hainanensis, N. javanica, N. padwickii and N. rubi (Fig. 23 ). Among these, N. bambusae, N. gorlenkoana, N. hainanensis and N. rubi have available DNA sequences and thus have been analysed for their phylogenetic relationships. Interestingly, these four species clustered in the upper part of the tree (Fig. 2) , which unambiguously belong to the recently evolved taxa in the genus. This is a strong indication that the general evolutionary trend in Nigrospora is from species with a wide to a narrow host range. The latter generally refers to species that are considered to be plant pathogens, and that are more important to agriculture and forestry management. . bambusae N. arundinacea N. gossypii N. gorlenkoana N. javanica N. maydis N. padwickii N. hainanensis N. canescens N. aurantiaca N. guilinensis N. osmanthi N. sacchari N. panici N. musae N. lacticolonia N. camelliae-sinensis N. rubi N. pyriformis N. chinensis N. oryzae N. sphaerica 
